From  tbm  Ru**jUn 


Original  Title: 

Source: 


Pivama  oology  in  Sp^ca  Medicine 
by 

V.  8.  Belay  it  <•! 


Problem**  farmakologli  v  koeaicbeekoy  n&diteine. 

XVII  Xatwriuaional  Aetronautical  Congrecv ,  Madrid, 
9-15  October,  196t>. 


Translated  by*  I.  Boubel 


Pharmacology  ia  Sjmcs  Medicine 


by 

V.  S*  Belay  tt  *1 


Future ,  long,  manned  flights  on  orbiting  space  stations  as  well  as 
on  lour  sod  interplanetary  space  craft  present  a  number  of  new  pharma- 
oologies  1  problems,  tkm  different  aspects  of  this  task,  such  as  effec¬ 
tive  drugs  for  crewmembers ,  prognosis  of  possible  changes  in  their 
condition,  evaluation  of  physiologic  variables,  possible  scute  or  chronic 
illnesses  (and  treatment  of  same  on  the  spacecraft)  must  be  carefully 
studied  and  adequately  resolved  based  on  the  specific  missions  to  be 
accomplished.  Moreover,  spacecraft  structure  [and  size] ,  number  and 
role  of  crewmembers  must  also  be  eons*  lered. 

Rational  utilisation  of  medications  will  be  one  of  the  cardinal 
aspects  in  programming  future  space  missions.  At  present,  we  contem¬ 
plate  the  use  of  medications  tot 

1.  stimulate  natural  compensatory  and  adaptation  mechanisms  to 
increase  tolerance  to  extreme  flight  factors, 

2.  treat  an  illness, 

3.  enhance  performance,  eliminate  fatigue  and  emotional  stress. 

For  this  purpose,  besides  dipping  into  the  arsenal  of  available 
drugs,  new  compounds  with  a  specific  effect  will  al^o  have  to  be 
developed.  At  this  particular  point  anf!  time,  it  is  imperative  to  find 
the  most  practical  administration  methods  based  on  space  flight  condi¬ 
tions  and  expiration  date  of  the  preparations.  Probably,  the  best  form 
will  be  tablets  and  disposable  injection  syringes. 

Amount  and  type  of  on-board  medical  supplies  and  equipment  will 
be  dictated  by  the  duration  and  nature  of  the  nission,  the  presence 
of  a  physician  in  the  spacecraft,  the  size  of  the  spacecraft,  its  pay- 
load  and  a  series  of  other  specifications. 

As  we  know,  a  small  amount  of  medications  was  carried  in  all  Soviet 
and  American  space  missions.  They  included  analeptics,  analgesics, 
antiradiation  drugs,  etc.  (o9).  As  programmed.  Cooper  injected  himself 


with  dexedrine  during  the  last  orbit,  although  his  mental  and  physio* 
logic  condition  did  not  rsquirs  it  (53).  As  indicated  by  Or.  Berry 
such  a  nodication  can,  to  a  certain  degree,  mitigate  possible  fatigue 
and  increase  peycfaonotory  performance,  tts  believe  that  great  emphasis 
should  be  placed  on  the  possibility  of  using  stimulants  during  long 
space  missions  as  well  as  for  different  critical  situations. 

Undoubtedly,  during  long  space  missions,  direct  indications  for 
drugs  may  be  necessary,  requiring  a  careful  prognosis,  and  consequently 
a  well-thought  out  approach  in  the  we  lection  of  the  on-board  medical 
supplies.  Along  with  the  possible  indications  for  drugs,  ooo  must  also 
study  the  characteristic  physiologic  responses  to  individual  space 
flight  factors  as  well  as  thsir  complex  effect,  because. . ."one  and  the 
sans  medication,  taken. .. under  different  physiologic  conditions,  can 
be  remedial  or  poisonous”.  We  believe  that  this  is  substantiated  by 
our  data  on  different  responses  to  medications  following  acceleration 
(36). 


Consequently,  (he  study  of  the  specific  effect  of  medications  under 
laboratory  experimental  conditions  (g  loads,  weightlessness,  prolonged 
isolation,  etc. )  and  possible  emergency  situations  (change  in  environ¬ 
mental  gases,  radiation  effects,  upset  in  meal  schedule,  etc. )  is  net' 
only  import  ant,  bet  a  necessary  stage  in  the  preparation  for  long  space 
missions.  Griffenhagen  (62)  has  expressed  similar  opinions  on  this 
subject. 

Two  basic  aspects  of  the  general  problems  of  space  pharmacology 

are: 

1.  enhance  body  tolerance  to  extreme  flight  factors  and 

2,  natural  response  to  medications  during  the  simulation  of  some 
space- flight  stresses. 

Among  ths  methods  considsred  to  iuprov*  body  tolerance  to  extreme 
flight  stresses,  medications  represent  an  important  aspect.  At  present, 
we  have  sufficient  facts  supporting  the  possibility  and  propriety  of  the 
use  of  medications  for  this  purpose.  Moreover,  in  past  missions  sons 
aspects  of  the  problems  in  question  were  put  into  practice.  G  forces, 
weightlessnsss,  radiation  and  hypoxia  should  be  considered  as  cardinal 
stresses  in  trying  to  increase  bo<*y  tolerance  by  means  of  medications. 
Hie  requirement  for  different  approaches  to  increase  tolerance  to  G 

* 
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forces  (u—g  this  also  abdications)  is  stipulated,  first  of  til,  by 
the  possible  occurrence  of  situations  ufaere  the  degree  and  duration 
of  the  Acceleration  effect  can  reach  the  limits  of  physiologic 
endurance.  This  oan  bring  about  not  only  an  important  decrease  in 
the  performance  of  the  pilot,  but  also  harmful  consequences. 

The  merit  of  different  drugs  capable  of  enhancing  body  tolerance 
to  acceleration  mi  evaluated  by  investigators  in  our  country  as  sell 
an  abroad  (2,10, 11,25,31,41,42, 55, 56, 03, o6).  However,  to  date,  this 
research  work  has  ben  limited  to  animal  experimentation  and  the 
results  are  quite  controversial  ,  even  for  one  and  the  sane  preparation. 

The  medications  seed  by  the  authors  of  this  paper  are  shown  in 
Table  1*  Our  experimental  work  has  evidenced  that  because  of  the 
functional  changes  brought  about  by  the  medications  it  is  possible  to 
increase  or  improve  consider  ably  the  tolerance  to  transverse  accelera¬ 
tion.  Based  en  their  effect,  here  is  a  list  of  drugs  which  showed 
positive  results i  narcotics  and  analeptics,  central  stimulants  and 
sedative  agents,  cardiovascular  agents,  etc.  lbs  degree  of  effect 
depends  on  the  type  of  preparation,  the  dose ,  ad ministration  (per  os, 
injection,  etc. )  nd  frequency  of  administration.  Best  results  were 
obtained  with  sv.  chain#,  soma  sympathomimetic  agents  (phenamine, 
adrenalin,  noradrenaline  and  narcotics.  Administration  of  the  afore¬ 
mentioned  drugs  at  optimal  doses  decreased  animal  mortality  and  cardio¬ 
vascular  deconditioning  caused  by  0  forces  (Pig.  1),  (£*13). 

Many  other  authors  obtained  the  sane  positive  results  by  using 
different  drugs  to  increase  tolerance  to  0  forces  (9,24,41,42,67  et  al). 

We  possess,  therefore,  basic  indications  that  the  administration 
of  different  agents  represents  one  of  the  prospective  and  important 
•cans  to  increase  body  tolerance  to  G  forces.  We  are  now  faced  with 
the  problen  of  selecting  the  most  effective  medication®  as  well  as 
the  optimal  form  of  thsix  administration  under  space  flight  conditions. 
In  trying  to  reach  a  decision,  two  basic  factors  must  be  considered: 

(a)  phases  and  conditions  of  flight;  and  (a)  the  properties  of  the 
medications.  During  the  first  phase  of  flight  (lift-off)  there  will 
hardly  be  a  need  for  a  special  medication  because  preflight  training 
fully  conditions  the  cosmonaut  to  satisfactorily  tolerate  G  loads. 
However ,  during  re-entry  an  indication  for  medications  may  exist. 

First  of  all,  one  must  consider  that  after  hypodynamia  [gravity-free 
state ,  inactivity]  tolerance  to  acceleration  stresses  decreases  (32, 

50);  this  is  exacted  to  be  even  more  so  after  long  missions.  Under 
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t test  conditions,  we  nay  bo  justified  to  administer  appropriate  uedi- 
cations  only  as  a  preventive  M«nr«. 

Wo  must  also  keep  in  mind  tho  possibility  of  an  emergency  situa¬ 
tion  causing  a  suddon  incroaso  in  tbo  gradient  of  G  forest  to  critical 
levols,  which  would  require  quick  correction  and  use  of  drugs. 

Based  (at  available  data  and  on  the  effect  of  different  agents  on 
the  tolerance  to  G  forces  and  based  on  their  pharmaceutical  properties, 
we  must  aisew  that  the  beet  suited  preparations  for  the  purpose  in 
mind  will  be  sene  of  the  sympatbonimetic  and  central  stimulant  agents 
such  as  phenamine,  strychnine,  Securinin ,  etc.  These  drugs  not  only 
increase  tolerance  to  G  forces,  but  possess  also  many  other  properties 
that  are  very  helpful  under  space  flight  conditions  (3,27).  We  are 
skeptical  about  the  usefulness  of  narcotics  and  tranquilissrs  under 
these  conditions  since  they  decrease  tolerance  to  stress  factors 
(13,64),  and  sons  of  their  properties  ars  undesirable  for  the  specific 
effects  of  space  flight.  The  use  of  tranquilissrs  should  be  limited 
to  correct  functional  aberrations  (69);  they  nay  be  taken  ctaly  in 
cases  of  dire  necessity,  however,  never  before  re-entry. 

Available  data  attest  to  tbs  possible  occurrence  of  different, 
important  functional  changes  under  we 1  {ft t less  conditions  (16,17,30,47, 
48,49,59,61,63,00,  et  *1).  The  nature  and  symptomatology  of  these 
disorders  may  vary  depending  on  the  factors  involved— nature  and 
duration  of  mission,  training  of  cosmonauts  to  the  specific  effects 
of  wsightlessness,  reaction  of  the  vestibular  apparatus,  etc.  In 
same  instances,  cardiovascular  disorders  due  to  prolonged  hypodynamia, 
decreased  afferent  stimulation,  and  autonomic  disorders  complicated 
by  notice  sieknoss  symptomatology  may  prevail.  The  use  of  drugs, 
however,  is  fully  justified  for  prophylactic  reasons  and  for  treating 
the  aforementioned  disorders.  The  selectior  of  the  medications  must 
be  based  on  the  nature  of  the  disorders.  In  fact,  in  the  case  of 
decreased  cardiovascular  system  tonus  and  orthostatic  disorders,  some 
analeptics  are  indicated  (phenamine,  caffein,  etc.)  as  well  as  stim¬ 
ulants  (strychnine,  Securinin,  ginseng  and  eleutero coccus  extracts*, 
and  others).  Administration  of  cholinolytic  agents  (aetaaisll,  pentaphen 
and  others)  is  helpful  in  correcting  the  motion  sickness  syndrome. 

5*Txan».  Note:  Those  interested  in  experimental  work  carried  out  with 
these  extracts  may  find  it  interesting  to  read  The  Effect  of  an  Extract 
of  Ginseng  on  the  Adrenal  Cortex  and  Bleu the rococcus  Senticoeus-A  New 
Medicinal  Herb  of  the  Araliaeeae  Family.  Both  papers  are  in  the  book 
on  Pharmacology  of  Oriental  Plants,  Proceedings  of  the  Second  Inter¬ 
national  Pharmacological  Meeting,  August  20-23,  lVc.3  available  at  the 
USAFSAM  A* remedies l  Library,  Crooks  AFB,  Texas. 
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Special  compounds,  however,  aimed  at  correcting  the  pathogenesis  of 
notion  sickness  (choline  and  adrenalin  agents,  central  stimulants , 
antihistamines  and  others)  would  be  nech  mcr%  effective. 

Although,  based  on  the  present  radiobiologic  knowledge  on  anti- 
radiation  drugs  (ionising  radiation)  a  fair  amount  of  protection  can 
be  offered,  yet  not  all  necessary  nsasures  can  be  fully  employed  under 
space  flight  conditions.  This  is  mainly  due  to  the  ccnplex  spectrum 
of  cosmic  radiation,  the  biologic  effect  of  which  is  not,  as  yet, 
fully  understood.  Howevsr,  under  these  conditions  the  body  is  exposed 
to  tbs  effect  of  combined  and  successive  factors  which  will  stipulate 
the  complexity  of  the  physiopathologic  syndrome  of  the  disorders 
occurring  during  space  flight.  Consequently,  the  problem  of  finding 
antixadiatian  drugs  applicable  to  the  specific  conditions  of  tp*ce 
flight  requires  a  special  solution. 

Presently,  several  drugs  are  successfully  used  by  clinicians 
in  radiation  therapy  (cys tea wine ,  cy stamina ,  AST,  serotonin,  etc.). 

Some  of  these  (cysteamine,  cystanlne)  could  be  included  in  the  medicine 
chest  ae  a  prophylactic  measure  against  radiation  illness.  However, 
we  must  keep  in  mind  that  certain,  effective  antixadiatian  drugs  de¬ 
crease  body  tolerance  to  the  effect  of  other  flight  factors,  and  in 
part  also  to  G  forces  and  vibration  (43) .  The  aforementioned  agents 
"hould,  therefore,  be  used  together  with  other  drugs  which  can  decrease 
the  unfavorable  response  to  antiradiation  drugs. 

Oxygen  deficiency  during  a  space  mission  could  present  a  problem 
only  in  the  case  of  an  emergency.  Under  these  conditions  medications 
would  be  mandatory.  Available  literature  supports  the  expediency  and 
prospective  use  of  drugs  to  increase  body  tolerance  to  oxygen  defi¬ 
ciency  (1,14, 1&, 19, 29, 39, 40,  et  a  1 ) .  Compounds  decreasing  tissue 
oxygen  requirement  ( tranqui Users ,  narcotics,  antloxydution  agents) 
as  well  as  stimulants  of  the  central  nervous  syftem,  the  cardiovascular 
system,  etc.  would  be  best  suited  for  this  purpose.  Hibernation  should 
also  be  considered  (5,23,  et  al).  The  pragmatical  usefulness  of  drugs 
to  increase  tolerance  to  oxygen  deficiency  under  different  space  flight 
conditions  also  remains  to  be  determined. 

Such  being  the  case,  the  medicine  chest  should  be  supplied  with 
drugs  capable  of  increasing  tolerance  to  all  space  flight  factors. 
Moreover,  one  must  also  consider  the  possible  occurrence  of  a  frankly 
pathologic  state.  For  this  purpose,  the  medicine  chest  should  also 
contain  large  spectrum  antibiotics,  antipiretica,  analgesics,  disin- 
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faeUati,  (ttc.  The  ckoict  of  the  aiiioatio—  <ad  their  fora  of 
will  1m  dtttniiod  by  the  MUn  m4  took*  of  tte 

■luioo. 


As  Marti o— A  earlier,  tkt  leporfnco  of  pr  imioology  gr— >  with 
the  to»fWning  of  ap*M  tsplacatlia.  la  this  omwetiai,  basic 

awt  bo  givn  to  tbo  pupOM  and  propriety  of  different 
pnptqrUetie  and  curative  i  poets  and  to  tba  pooaibility  of  onbinrlag 
tbo  cosmonaut's  physical  and  nsntal  capabilities  during  flight  (S3, 
60,o9). 

Id  our  opinion,  too  littlo  uapbasis  has  boon  placed  on  the 
specificity  of  tbo  different  pharnacologieal  preparations  adsinl  stored 
so  far  ami  on  their  effect  ee  physiological  variaaeee.  Boeoarch  carried 
out  ia  the  last  few  years  ia  difforoat  countries,  aaialy  la  the  Soviet 
tfciea  and  the  OKA,  has  contributed  iepertaat  theoretical  and  practical 
data  oe  the  physiological  changes  in  the  organism  of  nan  and  animals 
opposed  to  0  leads,  vibrations,  ionising  radiation,  prolonged  hypo¬ 
dynamia,  etc.  they  indicate  that  depending  on  the  aetaal  situation 
in  flight  and  on  the  tine  at  which  a  certain  drug  nay  be  indicated,  the 
physiologic  response  to  the  administered  medications  stay  irhmgs  when 
important  f sectional  changes  axe  present.  Pharmacologists  are  mail 
acquainted  with  the  basic  physiologic  reaction  to  different  agents. 
Experience  has  shown,  ia  a  large  washer  of  cases,  that  when  the  body 
is  exposed  to  unusual  factors,  its  sensitivity  to  ^harnaceotical 
substances  nay  change  considerably)  in  sene  oases  this  has  led  to 
pathologic  responses.  In  fact,  therapeutic  dosages  of  cardiac 
glycosides  nay  be  toxic  after  prolonged  hypoxic  hypoxia  (36)  or 
following  prolonged  exposure  to  transverse  G  forces  (36) ,  etc.  In 
this  connection,  it  is  evident  that  in  space  nudie1.no  great  emphasis 
must  be  placed  on  responses  to  drugs.  In  fact,  this  is  lapses tive, 
since  we  are  concerned  with  non  being  exposed  to  a  series  of  —isuil 
stresses,  for  which  defense  and  adaptation  mechanisms  to  their  effect 
have  not  been  learned  as  yet.  Zhis  is  confirmed  by  available  data  on 
the  influence  of  such  factors  as  radiation,  G  forces  and  changes  in 
ambient  air.  Me  west  also  take  into  account  that  easy  important 
facets  of  specs  nsdicint  have  be en  only  slightly  investigated.  first 
and  paramount  are  the  problems  of  the  physiologic  effect  of  prolonged 
weightlessness.  Which  are  the  space-flight  stresses  we  must  consider 
to  uncover  idiosyncrasies?  Apparently  All  new  situations  nan  may 
encounter  under  these  unusual  circumstances,  such  set 

1)  dynamic  factors  (G  farces  at  lift-off  and  re-cstry,  angular 
•Hcceleraticn,  vibration,  weightlessness), 

t 


3)  Acton  watttiBud  by  ttt  coastmtiM  of  the 
(rtiifli  is  «vLmm«U1  yirwUrii  ratfktti  MtoiUtf,  paallari- 
tiM  of  ooli4  «ad  fUU  dint,  etc.), 

3)  spa—  factor*  fUffonit  ioriiiag  radio t loo  frxa  tbo  Van  Alien 
bolt v  solar  flares,  etc. )• 

4)  factor*  peculiar  to  the  vital  activity  of  tbo  astronauts 
(strum  on  the  emtvous  systaa  and  nontal  fooctlons  related  to 
nonotonono  tanks,  changed  day-eight  cycle,  prolonged  rsnfiosnswt, 
onjfsKnonrrnenrll mga ,  greatly  decreased  afforoat  stimulation,  etc.). 

The  eoaplex  action  of  the  aferoneotioned  factors  can,  of  conrso, 
toeing  about  different  important  physiologic  changes  and  consequently 
alter  the  ngsme  te  nedi cations  dnrisg  a  long  spacs  mission.  Ms 
have  fosnd  varied  romp  an— a  to  differ— t  drugs  after  exposure  to 
transver—  0  fore—  and  to  differ— t  gas  mixtures.  However,  —  have 
sheerved  that  individual  reap— s  vary  and  depend  upon  certain  condi¬ 
tions.  Sens  ef  the—  aret 

1.  intensity  and  duration  of  stress  factors, 

3.  prevalent  infl—no n  —  any  one  physiologic  function, 

3.  specific  and  constitutional  peculiarities  as  —11  as  sex  and 

Ape, 

4.  pharnacodynaeic  properties  of  the  medications  <> 

Our  experimental  work,  married  — t  —  animals,  has  revealed  a 
relationship  bet—  degr—  of  —span—  to  medications  and  that  of 
physiological  changes  following  expo* urs  to  transver—  acceleration. 

In  fact,  —  have  observed  a  sudd—  inarea—  in  the  sensitivity  to 
cardiac  glycoside*  (strqphanthin-K,  Csevasid) »  te  narcotics  (short 
acting  barbiturates,  etber,  chleral  hydrates,  etc.)  as  —11  a*  to 
other  agents  following  the  exposure  to  prolonged  G  forces  (up  to 
2  hrs)  which  cause  important  changes  in  the  cardiac  function.  More¬ 
over,  similar  stress—  decroase  the  sc— itivlty  of  the  organ!—  to 
so—  analeptic  drugs  (caffeine,  Cora— 1.  Zitlton.  etc.).  Sensitivity 
to  adrenalin  also  evidenced  groat  variations.  Based  on  the  intensity 
of  the  Q  fore—  and  on  the  individual  response  to  centrifugation ,  — 
found  increased,  decree— d  or  perversa  reectio—  to  adrenalin  following 
exposure  (Pig.  2).  Me  belie—  that  the—  data  are  extra— ly  important 
bsoau—  they  offer  a  better  insight  into  the  mechanism  of  the  physio- 
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logic  di«oarter«  as  Mil  as  bettor  indloatioes  for  the  ad— mistratl— 
of  aa  appropriate  nodi cation  Omoomt  this  boooooo  won  « ry. 

^o  i  logo—  data  a—  a— liable  for  differ— t  gae  mixtures.  ZB 
fact9  re— arch  eexk  performed  bjr  D— trie—  (26)  aad  ether  a  at  bar  a 
hae  eln—  o— cl— i—  proof  that  hyp-la  greatly  lacKoao—  oe— itivity 
to  cardiac  glycoeld— .  Short  or  peel— god  hypoxia  alters  physiologic 
teapq— —  to  radiation  effects  (5,6)  aad  the  deration  of  so—  infec* 
tie—  (44).  Data  are  aleo  available  —  increased  sensitivity  to  so— 
agents  in  the  p—so n—  of  hyporcacia  (45,  et  al).  A  change  in  oxygen 
partial  pres  so—  al—  tarings  abont  varied  physiologic  xm pen— s  to 
■any  facto—  a«  —11  as  sons  Bodies— ntat Is— . 


Our  findings  ha—  she—  that  different  CO^  concentrations  are 
equally  responsible  for  isportant  dungs  in  body  —itivity  to 
pharmacological  agents.  Here  again,  manifestations  ar,d  degr—  of 
ohang—  a—  stipulated  by  the  afe— tlened  condltie—  (duration 
and  Intensity  of  at—  factors,  pesperties  of  pbarea— logical 
agents,  etc*)  (fig.  3).  Data  —  the  infill—  —  physiologic  reactions 
duo  to  the  ccSbiiwd  effect  of  hypercapnia  and  hypenir.  are  of  apodal 
interest.  In  fact,  so—  of  essr  experimental  projects  —  a  lend  at 
gaining  better  h—wl  ertgo  in  this  area. 

Pros— t  spacecraft  as  —11  as  prospected  EVA  do  net  exclude  the 
effect  of  prolonged  wagdhr  accelerations  and  other  fact— e  leading 
to  the  nation  sick—  synchro— .  Prophylaxis  and  treat—  of  — ti— 
sickness  ha—  be—  the  object  of  neck  —search  nark,  hone— r,  too 
little  exphiisis  has  be—  placed  —  poasiblo  changes  in  physiologic 
— tp—i os  under  tfee—  conditions.  Based  —  expert— ntal  week  carried 
— t  by  Pee tov  (37,36),  no tion  changes,  first  of  all,  tbs  functional 
ten—  of  the  one tic  center  — ich,  in  tern,  increases  feotta  ee— itivity 
to  apo— r phi— .  Appare stly,  functional  changes  is  the  CMI  a—  not 
United  to  the  e— tic  center,  and  the  «—  of  differ— t  drugs  dll 
afford  a  better  insight  of  the  specific  physiologic  responses  to  the— 
e— ditie— • 


Our  keen ledge  in  this  area  is  limited  awialy  because  of  tbs 
diffienlti—  involved  in  sinnlating  — i^itless—  amder  laboratory 
c  seditions.  Is  recent  yea—,  different  is— digs  tors  ha—  expo— d 
subjects  to  prolonged  bed  rest  or  to  in— ion,  and  data  available 
—  physiologic  responses  to  so—  indications  under  the—  conditio— 
a—  only  fragnsntary  (70).  Ho— r,  the—  studies  —re  lied  tod  to 
the  response  of  the  autononie  nerve—  system,  and  neglected  responses 
of  the  cardiovascular  system  to  medications.  The  use  of  certain 


b 


pharmacological  agent*  could  preserve  an  adequate  cardiac  function 
and  tonus  of  the  peripheral  vessels;  future  investigations  will ,  by 
all  means,  throw  a  light  also  on  this  important  facet  of  our  quest. 

Ionizing  radiation,  a  thoroughly  investigated  factor  of  space 
flight,  can  bring  about  different  functional  disorders.  In  fact, 
important  changes  in  the  adaptation  and  regulatory  mechanises  of  the 
nervous  and  endocrine  systems  have  been  observed.  They  condition, 
first  of  all,  the  physiologic  responses  to  different  external  environ- 
sental  factors  as  well  as  to  drugs  (7,21,22  at  al).  Based  on  experi¬ 
mental  data,  it  can  be  stated  that  physiologic  responses  to  medication* 
depend  upon  the  severity  of  the  symptoms  and  degree  of  possible  radia¬ 
tion  damage.  For  example,  in  the  first  hours  after  exposure  to  ionizing 
radiation  the  effect  of  barbituric  acid  is  clearly  weakened  (20,28,  et 
al);  however,  at  the  time  of  the  severest  manifestations  of  the  disease 
sensitivity  to  barbiturates  increases  considerably.  Moreover,  conclu¬ 
sive  data  was  also  obtained  with  ether,  nitrous  acid  derivatives  and 
other  narcotic  substances  (33,46,  et  al).  Physiologic  responses  to 
cardiovascular  agents  in  the  presence  of  radiation  illness  are  often 
altered.  In  fact,  during  the  early  stages  or  the  incubation  period, 
the  vasoconstrictor  action  of  adrenalin,  pituitrin  and  other  pharmaco¬ 
logical  agents  is  decreased,  however,  at  the  height  of  the  illness  it 
is  enhanced  (12,35,51,54,  et  al). 

Valuable  data  is  also  available  on  the  physiologic  responses  to 
analeptics,  central  and  cardiovascular  stimulants,  chemotherapeutic 
agents,  diuretics,  and  others. 

The  aforementioned  data  attest  to  the  fact  that  ionizing  radiation 
can  change  considerably  the  physiologic  responses  to  many  pharmaceutical 
agents.  Consequently,  to  select  the  most  rational  methods  of  adminis¬ 
tration  and  to  avoid  possible  complications,  it  is  imperative  to  lsarn 
the  peculiar  action  of  the  pharmacological  agents  during  the  different 
phases  of  the  radiation  disease. 

Cur  experimental  data,  as  well  as  those  in  literature,  show, 
beyond  a  doubt,  that  even  the  isolated  effect  of  individual  space 
stress  factors  entails  important  changes  in  the  physiologic  response 
to  pharmacological  agen*-.  These  findings  are  of  great  practical 
importance  for  the  problem  at  hand—— space  pharmacology.  Unless  we 
possess  the  knowledge  of  the  peculiar  action  of  drugs  during  simulation 
of  different  space-flight  stresses  the  cosmonauts  say  not  only  be 
exposed  to  undesirable  therapeutic  effects  but  even  to  injurous 


consequences.  This  is  of  extreme  importance,  mainly  because  during 
a  space  mission  medical  control  of  physiologic  respomses  to  drugs  is 
quite  difficult,  and  rendering  qualified  and  specialized  medical 
assistance  nay  be  impossible. 

The  influence  of  the  space-stress  factors  complex  on  physiologic 
functions  aust  be  thoroughly  investigated,  especially  response  variances 
under  these  conditions.  Data  available  on  the  combined  influence  of 
changes  in  temperature  and  G  loads  (56),  hypoxia  and  G  forces  (34,57), 
ionizing  radiation  and  G  forces  (4),  as  veil  as  other  combined  factors 
give  sufficient  reasons  for  tho  urgency  of  widening  the  scope  of  the 
research  work  in  thin  area  with  the  aim  of  Inarming  the  peculiar 
physiologic  responses  under  space  equivalent  conditions.  As  already 
recognized  by  several  authors  (9,30,52,09),  the  task  of  forging  a 
new  scientific  v*isdplirre  -"space  pharmacology"-  merits  our  highest 
concern. 


In  conclusion,  we  should  concentrate  our  attention  on: 

1.  the  study  of  pharmacological  agents  that  enhance  physiologic 
tolerance  to  unfavorable  space  factors, 

2.  the  study  of  the  phanacodynamic  properties  of  different  drugs 
based  on  various  physiologic  responses, 

3.  finding  optimal  dosages  and  administration  methods  for  different 
drugs  under  simulated  space  flight  conditions, 

4.  and  on  the  use  of  pharmacological  agents  (as  analyzers*  of 
physiologic  functions)  to  understand  the  actual  effects  of 
space  factors  on  the  human  body. 

A  successful  solution  of  these  highly  important  problems  can  be 
assured  only  by  encouraging  the  cooperation  of  different  specialists: 
pharmacologists,  chemists  (synthetic  products),  physiologists  and 
clinicians. 


iiT rans.  Note:  literal  translation. 
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Table  1* 


Influence  of  pharmacological  agents 
on  animal  tolerance  to  transverse  accelerations 


Agents 

Narcotics  (thiopental  sodium, 
chloral  hydrate,  and  others) 

Analeptics  (caffeine,  Cora  sol  and 
others) 

Phenamine,  strychnine. 

Phenatin 

Vascular  stimulants  (adrenalin, 
nor  adrenal  in,  ephedrine) 

Nitroglycerin,  dibasol 

Cardiac  glycosides  (strophantin-K) 

Antiradiation  drugs  (cysteaaine , 
cys  tamine ) 


Results 

Small  doses  enhanced  and  large  doses 
decreased  tolerance. 

No  consequential  effect. 

Enhanced  tolerance  at  optimal  doses. 
Decreased  tolerance. 

Enhanced  tolerance. 

No  consequential  effect. 

Enhanced  toler  uace. 

Decreased  tolerance. 


^Xrans.  Note:  More  detailed  information  on  dosages  and  experimental  procedures 
are  given  in  a  paper  by  the  same  authors:  "Effect  of  some  drugs  on  tolerance  of 
accelerations",  NASA  Technical  Translation,  NASA  XT  F-22b,  p.  79  (available 
in  Document  Section,  Aeromedical  Library,  Brooks  AF8,  Texas) 


Figure* 
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Fig.  1.  BCG  of  rabbits  exposed  to  transverse  acceleration;  control 
runs  (A),  after  the  administration  of  o  try  chains  (3):  a -before  exposure; 
b,c,d-lst,  3rd  and  6th  minute  of  exposure;  e-2  min*  after  exposure. 


A. - 


Fig.  2.  Coronary  circulation  response  (above)  and  blood  pressure 
in  the  femoral  artery  (below)  after  the  administration  of  0.002  mcy'Kg 
adrenalin  before  exposure  (A)  and  15  min.  after  (B)  exposure  to 
transverse  acceleration  of  12  Gs. 


Figs.  1  *>nd  2 


Figures  (Cent) 


Fig.  3.  Influence  of  C02  (8-10*  in  gas  Mixture)  on  the  duration  of 
•th«r  (white  coluama)  and  of  intr aper i  tone* I  *  (dark  columns)  anesthesia 
in  white  Mice.  Ordinate:  duration  of  anesthesia  in  percental  values 
of  control  data }  abscissa:  exposure  tine  t©  gas  mixture. 


*Trans.  Note:  In  the  Russian  caption  this  tern  begins  with  the  letters 
intra  after  which  three  letters  are  aissing  (not  printed)  and  then 
narkonovogo.  Since  intra. .  .narkonovogo  or  intraaarkoaovogo  is  not 
listed  in  any  of  the  dictionaries  available  in  our  Section,  the  trans¬ 
lator  has  liberally  translated  it  as  intraperitoneal. 
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